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INTRODUCTION 


'^-HLA  class  II  molecules  ere  a  highly  polymorphic  family  pf  dimeric  cell 
surface  proteins  primarily  involved  in  regulating  T  cell  responses  to 


extrinsic  antigens*  To  define  regions  of  class  II  molecules  Involved  in  T 


cell  recognition,  we  have  compared  sequences  of  three  HLA-DR8  cDNA  clones 


obtained  from  cells  that  all  express  the  same  serologically  defined 
determinants  but  differ  in  terms  of  T  cell-recognized  specificities.  The 
comparisons  indicate  that  very  few  (one  to  four)  nucleotides  differ  between 


what  are  almost  certainly  alleles  of  the  DRB1  locus.  All  differences  were  in 
the  first  domain  of  the  molecule  and  all  localized  to  a  region  from  amino 


acids  71-86.  Since  all  differences  were  found  only  in  this  region  of  the 
molecule,  and  since  DR  ^T chains  seem  to  be  relatively  nonpolymorphicS  these 


positions  in  the  DR?  chain  must  play  a  major  role  in  influencing  T  cell 


recognition  of  the  DR  molecule. 


^Serological 


and  molecular  cloning  experiments  have  shown  that  there  are 


three  families  of  class  II  molecules  within  the  HLA  complex,  termed  DP,  DQ, 
and  DR.  For  the  DR4-DRw53  haplotype  which  we  have  studied^  within  the  DR 
family,  one  &  and  three  completes  genea  are  known;  one  B  gene  is  a 
pseudogene2.  At  least  two  DR  ap  dimers  are  expressed^JFhe  serologic 
determinant  DR4  is  associated  with  the  o?l  dimer  whereas  the  DRw53  determinant 
is  associated  with  the  a?2  dimer.  To  date,  comparisons  of  DR?  nucleic  acid 
sequences  have  been  made  between  cells  differing  both  serologically  and  in 
terms  of  T  lymphocyte  recognised  determinants,  making  it  impossible  to  ascribe 
determinants  recognised  by  T  lymphocytes  to  particular  polymorphic  sequences. 
To  minimise  differences  to  those  potentially  involved  in  T  cell  recognition, 
we  have  compared  sequences  of  what  appear  to  be  DR81  cDNA  clones  from  cells 
which  differ  with  respect  to  determinants,  designated  as  ”Dv”,  recognized  by 


allogeneic  T  cells,  but  share  the  serologically-defined  specificity  DR4. 

Among  cells  which  express  DR4 ,  at  least  5  distinct  Dw  spb types  have  been 
defined,  designated  Dw4,  DwlO,  Dwl3,  Dwl4,  and  Dwl5.3  Clones  LS5.8.1  and  S3. 4 
were  obtained  from  cDNA.  libraries  of  two  homozygous  typing  cells  (HTCs),  LS40 
and  SSTO,  expressing  Dwl4  and  Dwl3  respectively.  The  sequences  of  these 
clones  are  shown  in  Fig.  1.  These  clones  differ  by  a  single  nucleotide 
resulting  in  an  alanine  in  LS5.8.1  (Dwl4)  and  a  glutamic  acid  in  S3. 4  (Dwl3) 
at  amino  acid  position  74  (table  1,  lines  a  and  b). 

LS5.8.1  differs  by  only  three  nucleotides  (two  amino  acids,  table  1, 
lines  a  &  c)  from  an  unpublished  DR0  sequence  (Long,  Mach  et  al.,  personal 
communication) ,  from  a  DR4+  cell,  referred  to  as  "DR4,6".  To  make  this 
sequence  comparison  more  meaningful,  we  used  cloned  cytotoxic  T  lymphocytes 
that  differentiate  between  the  DR  products  (most  likely  DR01)*  of  Dw4  and 
Dwl4,  and  established  that  DR  components  of  Dw4  are  associated  with  the  DR4 
haplotype  of  “DR4,6".  As  shown  in  table  2,  both  LS40  and  ~DR4,6"  served  as 
effective  targets  for  cloned  CTL  which  recognize  both  Dw4  and  Dwl4  associated 
determinants;  only  “DR4,6"  mss  lysed  by  cloned  CTL  recognizing  Dw4  but  not 
Dwl4  determinants. 

Based  on  the  high  degree  of  sequence  homology  between  the  Ml  0  clones  from 
Dwl4,  Dwl3,  and  Dw4  cells  described,  it  is  extremely  likely  that  these  clones 
represent  transcripts  of  alleles  of  a  single  locus.  These  clones  presumably 
represent  transcripts  of  the  DR01  locus  for  the  following  reasons.  Speis, 
Stromlnger  et  al.5  have  compared  sequences  of  the  first  domains  of  known 
(based  on  amino  acid  sequencing  of  characterized  proteins)  DR01  and  DR02 
genomic  clones  from  PTiess  (a  DR4-Dw4  HTC)  and  have  found  19  amino  acid 
differences  between  them.  The  DR4-Dw4  01  sequence  from  Priess  is  identical  to 
the  sequence  of  "DR4,6". 
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On  allelic  sequences,  because  they  differ  by  2  to  3  amino  acids  from  the  DR81 
sequence  of  Priess,  but  by  16  to  17  amino  acids  from  the  DR 82  sequence,  most 
likely  represent  DRS1  sequences*  Also  apparent  from  this  comparison  is  that 
at  the  positions  where  the  DRB1  sequences  of  Dwl4,  Dwl3,  and  Dw4  differ  from 
each  other,  one  of  the  alternative  amino  acids  and  the  corresponding  codon  is 
also  present  at  the  same  position  in  the  DR82  sequence*  Whether  this  has 
occurred  as  the  result  of  accumulated  mutation  in  the  DR81  gene,  or  as  a 
result  of  a  gene  conversion-like  mechanism,  is  not  clear* 

The  conclusion  that  these  sequences  represent  DR81  transcripts  is  also 
consistent  with  the  observation  that  there  is  an  approximately  ten-fold  higher 
level  of  DR81  as  compared  with  DR 8 2  expressed  on  the  surface  of 
EBV-transformed  B  cells5* that  finding  may  well  be  reflected  in  levels  in 
the  mRNk  pool*  We  have  now  sequenced  all  or  part  of  three  different  DRB  cDNA 
clones  from  our  LS40  library  and,  although  there  is  evidence  to  suggest  that 
transcripts  of  this  gene  are  differentially  processed  (Cairns,  S.,  Dahl,  C., 
Curt singer,  C*,  and  Bach,  F.B.,  in  preparation)  all  are  apparently  transcripts 
of  a  single  locus*  The  clone  sequenced  by  Long  et  al.  also  is  a  member  of  a 
highly  represented  family  of  DRB  clones  (group  2  in  reference  7). 

Based  on  the  likelihood  that  these  sequences  represent  transcripts  of  the 
DR81  locus,  it  is  apparent  from  these  data  that  a  few  amino  acid  differences 
may  profoundly  affect  how  the  molecule  is  recognised  by  T  lymphocytes*  This 
situation  is  not  without  precedent;  relatively  minor  amino  acid  substitutions 
in  the  heavy  chain  of  the  HLA-A2  molecule® and  in  mutants  of  the 
molecule10  drastically  alter  T  cell  recognition  of  those  molecules* 

Structural  models  of  the  DR  molecule  have  placed  residues  71,  74,  and  86 
on  the  outer  face  of  the  DR  molecule11.  Residues  71  and  74  are  Included  in 
the  third  hypervariable  region  of  the  DRB  chain,  the  only  proposed  a-helical 
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region  in  the  first  domain11.  Aaino  acid  substitutions  in  the  I-A  mutant, 
bml2  are  in  this  same  region1^.  To  the  extent  that  determinants  of  the 
DR01  dimer  are  involved  in  restricted  recognition  of  foreign  (nominal) 
antigens,  for  which  there  is  some  evidence 13 , 14 ^  these  same  amino  acid 
differences  among  alleles  of  DR  01  must  be  involved* 

Whether  the  changes  in  DNA  sequence  noted  in  this  paper  are  directly 
responsible  for  encoding  T  cell  recognized  determinants  or  whether  they  are 
responsible  for  conformational  changes  Involving  other  parts  of  the  molecule 
which  are  recognized  by  T  cells  is  not  addressed  by  this  approach.  We  would 
expect,  in  addition,  to  find  other  sequence  differences  that  could  result  in 
determinants  recognized  by  T  cells*  We  would  postulate,  however,  as  we  have 
recently  discussed^*  16,  that  the  allelic  differences  reported  here  in  a 
naturally  evolving  population  may  be  of  primary  importance  evolutlonarlly  and 
functionally  for  T  lymphocyte  recognition* 
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Legend  to  Figure  1* 

Both  LS5.8.1  and  S3. 4  were  initially  Isolated  from  cDNA,  libraries 
constructed  from  membrane-bound  (LS5.8.1)  or  cytoplasmic  (S3. 4)  RNA.  cDNA  was 
synthesized  using  ollgo-dT  to  prime  the  first  strand,  and  nascent  rnRNA  nicked 
with  RNAse  H  to  prime  the  second  strand.  cDNA.  was  "blunt-ended"  with  DNA 
polymerase  and  tailed  with  dCTP  using  terminal  deoxynucleotldyltransf erase. 
cDNA  was  annealed  with  Pst  1-cut,  dG-tailed  pUC9,  and  introduced  into  E.  coli 
stain  82.  Each  library,  which  contained  approximately  7000  colonies  was 
screened  with  a  790  bp  Sstl-Hindlll  fragment  of  a  DRB  cDNA  clone  isolated  by  E. 
Long  et  al.7.  This  probe  contains  nearly  the  entire  coding  region  from  this 
clone  and  under  the  conditions  or  hybridization  employed,  reacts  most  strongly 
with  DR0  cDNA  but  also  reacts  weakly  with  DP8  and  DQB.  The  Inserts  from  these 
clones,  or  fragments  thereof,  were  subcloned  into  the  single-stranded  vector 
Ml3mpl9.  Subclones  were  either  sequenced  directly  or  truncated  subclones  were 
generated  by  the  method  of  Dale  et  al. ^7.  Sequencing  was  done  using  the 
dldeoxy  chain  termination  method^.  "N' s"  in  the  S3.4  sequence  represent 
unaequenced  areas  of  the  insert.  In  addition,  approximately  110  nucleotides  at 
the  5*  end  of  this  insert  have  not  yet  been  sequenced.  Where  the  sequence  of 
S3. 4  is  identical  to  that  of  LS5.8.1,  a  dash  is  shown  below  the  LS5.8.1 


sequence. 


Table  1.  Summary  of  amino  acid  differences  between  DR81  alleles 


clone 

cell 

DR 

a* 

LS5.8.1 

LS40 

SI 

b. 

S3. 4 

SSTO 

SI 

c* 

“DR4.6"1 

81 

d. 

Preiss2 

81 

e* 

Preiss2 

82 

amino  acid  position 
Dw  71  74 


14 

Arg 

Ala 

13 

Arg 

Glu 

4 

Lys 

Ala 

4 

Lys 

Ala 

4 

Arg 

Glu 

^Taken  from  the  unpublished  sequence  of  a  DR  $  cDNA  clone  obtained  by  E.  Long, 
B.  Mach  and  coworkers* 

2Taken  from  T.  Spelss  et  al.5. 


The  cell-mediated  lympholysis  (CML)  assay  was  performed  ps  follows* 

Target  cells  were  labeled  with  0.25  aCi  chromium  51  for  1  hour,  washed  3  times 
with  cold  RPMI-1640  containing  20Z  pooled  human  serum,  and  adjusted  to  1  x  10^ 
cells/ml*  The  cloned  effectors  were  resuspended  in  IL-2-free  culture  medium 
the  day  prior  to  testing*  Effectors  were  adjusted  to  the  appropriate 
concentration  and  100yl  effectors  +  100  pi  targets  were  added  to  V  bottom 
microtiter  plates,  spun  at  500  rpa  for  5  minutes  and  Incubated  in  a  37°,  52  CO2 
humidified  environment  for  4  hours*  The  plates  were  then  spun  at  1000  rpm  for 
10  minutes  and  150ul  of  supernatant  were  aspirated  and  placed  in  scintillation 
vials*  Ready-Solv*  HP  (Beckman  566436)  (2.5  ml.)  was  added  to  each  vial  and 
the  samples  were  counted  in  a  6  scintillation  counter*  Spontaneous  release  of 
51cr  was  assessed  by  incubating  target  cells  without  effector  cells  and  maximum 
release  of  the  Isotope  was  assessed  by  incubating  target  cells  with  0.1Z 
hexadecyltrlmethylaaaonlua  bromide*  Results  were  calculated  as  follows: 


percent  cytotoxicity  -  cpm  experimental  wells  -  cpm  spontaneous  release  x  100 

cpm  maximum  release  -  epm  spontaneous  release 
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